Based on the analysis of the groundwater nitrogen contamination recourse and hazards as well as the urgency requirement of groundwater contamination remediation scientifically and in due time, this paper the sources and hazards of the nitrogen (nitrate, nitrite and ammonia)in the drinking water and groundwater were investigated firstly. Then, a detailed overview of different nitrogen contaminated groundwater remediation Technologies (physical, chemical and biologic) were expounded amply and their advantages and disadvantages were analyzed and compared respectively and the development trend is discussed briefly. At last, the biological remediation technology was identified as the optimal one and the application idea was put forward. 
INTRODUCTION
The groundwater is one of the most important natural resources. In recent several decades, accompanying with the rapid development of the global modern industry and agriculture, the contamination situation of the surface water resource is more and more grim which results in water crisis becoming much more serious all of the world. Therefore, we have to increase the exploitation of the groundwater to meet the higher level requirements of the production and life for water quality and quantity.
At the same time, more and more contamination flow into the groundwater aquifers along with the groundwater exploitation of the earth.
As we know, in north of China, nearly above 70 percent of drinking water's primary source is groundwater, and the groundwater provides about above 50-60 percent of drinking water in the global range and even the single water resource in many countries and areas.
Thus, protection of groundwater from contamination by many methods and remediate it scientifically and in due time is more and more important today.
Among so many groundwater pollutants, one potential, important and popular one is the nitrogen compound which includes nitrate, nitrite and ammonia etc.
Nitrogen Contamination Hazards and Control
Excessive nitrogen in water can cause eutrophication, worsen water quality, and affect the growth and reproduction of aquatic organisms. They even have the terrible effect of treat organic Carcinogenic mutation though drinking Water and foods.
So, strict nitrogen control standards on drinking water and foods have been established in all countries of the world, the relationship between nitrate concentration and health is shown in the table 1.
Health
From table 1, we can see that: the nitrate concentration and the human health has close relationship Humans ingest nitrate in food and water. In older children and adults, nitrate is ingested, absorbed from the digestive tract, and excreted rapidly in the urine. Healthy human adults can consume fairly large amounts of nitrate with few, if any, known short-term adverse effects. The health effects of chronic, long-term consumption of high levels of nitrate are uncertain. They are the subject of several current research studies. Blue-baby syndrome. Nitrate may also interact with organic compounds (secondary amines) to form N-nitrosamines, which are known to cause cancer. Many organic compounds could link with nitrate to form N-nitrosamines, including some pesticides. This may be important because wells with high nitrate levels are often vulnerable to pesticide contamination. Neither the immediate nor the chronic health effects of N-nitrosamines in humans are well understood. 
Water Testing
If you suspect nitrate in drinking water used for humans or livestock, start a routine (once a year) water sampling and testing program to monitor nitrate levels. Nitrate is detectable in water only by chemical testing. Health districts, and several private testing laboratories can test for nitrate. Check with the UI Extension office in your county for a list of certified private laboratories. Most laboratories usually report nitrate content in p parts per million (pp m) of nitrate-nitrogen (NO3-N).Occasionally a lab will report results in pp m NO3. To interpret the results, you must know the form in which they are reported. To convert NO3-N to NO3, multiply by 4.4. For example, 10 ppm NO3-N equals 10 X 4.4 pp m NO-3, or 44 ppm NO3. Guidelines for the use of water with known nitrate-nitrogen concentrations are shown in table1. Water containing less than 10 ppm NO3-N is considered safe for all humans and livestock. Water containing between 11 and 20 pp m NO3-N is generally safe for human adults and all livestock; however, it should not be given to human infants. Nitrate-nitrogen concentrations between 21 and 40 ppm may be well for short-term use by adults, but long-term use may be risky. Water containing more than 40 ppm nitrate-nitrogen should not be used for drinking purposes.
Nitrates in Groundwater
Even though naturally occurring and introduced nitrate is a common groundwater contaminant at low concentrations in the United States, the severity of nitrate contamination is hard to assess. Researchers agree that nitrate concentrations in unpolluted groundwater seldom exceed the U.S. Public Health Service 10 ppm NO3-N Recent United States Geological Survey data show that almost every state has areas where nitrate levels exceed the standard. However, a recent Environmental Protection Agency study found That only 2.7 percent of rural wells exceeded the standard.in recent studies of rural wells, fewer than 5 percent tested exceeded the federal 10 ppm nitrate-nitrogen standard. Several recent studies in the Great Plains and Midwest have found localized areas where nitrate concentrations in groundwater have been increasing. a significant portion of these locations are in agricultural areas where feedlots are common or high rates of nitrogen are used to fertilize crops.
Sources of Nitrate in Groundwater
Generally, nitrate in groundwater mainly comes from the cultivated soil, organic nitrogen fertilizers and agriculture production.
Cultivated soil usually contains between 1,500 and 4,000 pounds per acre of nitrogen bound up in living and dead plants and animals. Plants are unable to use this organic nitrogen directly. But it can releases nitrogen forms that plants can use, nitrate (NO3)with the organic matter decomposes primarily. This conversion of organic nitrogen into inorganic, plant available forms occurs in natural ecosystems (forest or grassland, for example) as well as in agriculture. Organic nitrogen fertilizers used in agriculture include animal manures, human wastes, composts, sewage sludge, legume crops, and green manure crops. The most common inorganic nitrogen fertilizers contain nitrate and or ammonium (NH4). Plants do not necessarily use all the nitrate in chemical fertilizers or all the nitrate produced when organic matter decomposes. When the nitrate supply is greater than the amount plants use, nitrate can accumulate in the soil, be lost from the system, or both. With greater nitrogen in puts for higher crop yields, efficiency of nitrogen use may be lower and the potential for losses may increase. Nitrate can be lost from the system in a variety of ways. From the stand point of groundwater quality, leaching into groundwater is the only concern. Leaching is the downward movement of water and nitrate through the soil. The potential for nitrate leaching varies with soil type and with the amount of water in precipitation or irrigation. For example, sandy soils under high precipitation or irrigation have a high leaching potential. Down ward movement of nitrate through soils was taking place even before the presence of humans; it is unrealistic to expect to stop it entirely. However, careless use of fertilizer and improper management of other nitrogen sources can increase the rate of movement and the magnitude of groundwater contamination. They must be avoided. In urban areas nitrogen materials are abundant, and the potential for groundwater contamination is high. Nitrogen fertilizers used on lawns, gardens, and golf courses are leachable. The nitrogen in compost and pet droppings can easily leach into groundwater if not carefully managed. Finally, improperly maintained septic systems can result in nitrate contamination of groundwater supplies.
TREATMENT PREDICTION AND METHODS FOR NITRATE IN DRINKING WATER
Nitrate is so easily dissolves in water that it is very difficult to remove quickly and thoroughly.
If water contains more than 10 ppm (milligrams per liter, or mg/L) of nitrate nitrogen, the viable options for reducing health risks are drinking water replacement or in household treatment.
Unfortunately, simple household treatment methods such as boiling, filtration, disinfection, and water softening) which efficiency for other contaminants are not effective for the nitrate removal.
At the same time, for these simple household treatment methods to remove the nitrate, boiling will actually increase the nitrate concentration of the remaining water. The use of bottled water for cooking and drinking is a relatively inexpensive, for a long-term method to reduce the health risks associated with the nitrate intake.
Commonly, there are three household application water treatment methods which can effectively remove nitrate, they are distillation, reverse osmosis, and ion exchange.
But, the treatment of drinking water to remove the nitrate is very complex and expensive. Many factors have to be considered when purchasing a treatment system such as the initial purchase price, the cost of regular maintenance, electricity rates, and the quantity of drinking and cooking water desired. And always test your water before purchasing water treatment equipment. The costs, maintenance requirements, and efficiency of treatment for each of these methods, currently, three popular methods (physical, chemical and biological) are widely used in the groundwater nitrate nitrogen pollution treatment, and an overview as followed.
Physical Methods of Nitrate Removal
The main physical methods are membrane separation (electro dialysis, reverse osmosis) and ion exchange methods. The electro dialysis is a new method of membrane treatment, and the selective permeability of raw water through alternating anion and cation. In a DC electric field, NO3-through the membrane hole Separated from water and into a high-concentration brine side, so that NO3-can be removed. This method is more complex and less common. Reverse osmosis is another kind of membrane method of water processing technology, using pressure to make the raw water through the semi-permeable membrane, only water molecules can wear halfpermeable membranes, and other solute molecules are trapped. Reverse osmosis of nitric acid no selectivity of root ions, Reverse osmosis of nitric acid no selectivity of root ions. [1] ION EXCHANGE METHOD Ion exchange method commonly introduces another substance, normally chloride, to substitute the nitrate in the water.
The ion exchange system is a tank filled with special resin beads that are charged with chloride.
As contaminated water flows through the tank, the nitrate exchanges with the chloride. The resin can be recharged back washing with a sodium chloride solution. This method is very effective unless the water contains high amounts of sulfate, which may compete with nitrate in the exchange process. In addition, the contaminated water must go through a neutralizing process prior to treatment.
Finally, the backwash brines, which are high in nitrates, must be disposed of properly.
Due to its characteristics of stability, Fast, and easy to control,the ion exchange method has been the most common physical method to remove nitrates, meanwhile, it is not affected by the effect of temperature, So there is great potential in small or medium-sized processing plants,
At the same time, the ion Exchange method is a physical and chemical process, Using anion exchange trees Chloride or bicarbonate and nitrate ion exchange in lipids, To remove nitrates from the water. [2] The use of carbon dioxide regeneration from Treatment of groundwater with high nitrate content by sub-exchange resin(CARIX) process, Process treatment of groundwater with high nitrate content, NO-3 -Naverage removal of 1/3 to meet drinking water standards, while the process reduces the total hardness by about half. [3] The conventional anion exchange resin method of the regeneration agent is studied and improved, retreatment of alkaline anion exchange resins after conventional treatment with heavy carbonate resin, Then used for swapping and selecting (0.4% MgO + CO2) for Regenerative agent, Greatly improves the regeneration efficiency's, the NO-3 The concentration of from 20 mg/L to 7 .29 mg/L, the average removal rate is 63.6.% The physical method does not actually remove the nitrate completely, Just the transfer or concentration of nitrate contaminants.
Chemical Removal Methods
The principle of removing nitrate from groundwater by chemical method is by adding reducing agent, first, the nitrate nitrogen is reduced to nitrite nitrogen. Then into a
Step to revert to nitrogen or ammonia nitrogen.
ACTIVE METAL REDUCTION METHOD
Active metal reduction method is to use iron, aluminum, zinc and other metals as reducing agent, Nitrate is reduced to nitrite or ammonia nitrogen in alkaline environment. [4] Reduction of nitrate nitrogen using aluminum powder, Ammonia nitrogen is the main product (60~ 90%) can be removed by aeration method. Off The optimum Ph. value of the nitrate is 10.25. The iron reduction method is the most researched technology at present. [5] An attempt was made to remove nitrate from drinking water by using iron powder as a reducing agent. Nitrogen, about 75 %of the nitrate nitrogen is converted to ammonia nitrogen, and the PH value needs to be adjusted in the reaction, this method is used in large-scale drinking water treatment before view Limited. After the 1990s, the method of removing nitrate nitrogen from drinking water with iron as reducing agent has received renewed attention. [6] Nitrate nitrogen reduction of 325 iron powders at different pH values was studied under aerobic conditions. The need to consume hydrogen ions, Therefore, the reaction process must be added acid and pH buffering measures, otherwise the reaction cannot go on. [7] using Fe0 treatment of groundwater contaminated by land fill leachate for reducing agent, The results showed that total nitrogen dropped from 50mg/l to Under10 mg/L. [8] removal of nitrate nitrogen from groundwater with reduced iron powder reaction column, The result shows that the lower the: pH value, Reaction The faster it gets, The initial Ph. value is 2h, Nitrate nitrogen removal rate can reach more than 90%. Nano iron (1 ~ nm) due to small particle size, Large specific surface area, Strong surface activity, which is more unique than ordinary iron powder in remediation of contaminated groundwater Special Advantage, is a new kind of contamination control technology. [9] CATALYTIC DENITRIFICATION METHOD Study on chemical catalytic denitrification began in 20th century before 20 years ago At present, more research is using hydrogen as reducing agent Pb-Sn , Pb-Cu Catalytic reduction method of composite metal as catalyst. [10] The optimum conditions for catalytic reduction of nitrate nitrogen conversion to nitrogen were studied. Hydrogen is the reducing agent in the experiment. Pb-cu composite Metal as catalyst The study found that quality than 4:1 Compound of Pb-Cu The catalyst maximizes nitrate reduction to nitrogen As the number of catalysts increases The content of nitrite and ammonia in intermediate products can be kept at a lower level ,The experiment found that ,Activity of catalysts H2 Mainly affected by the mass ratio of NO-3 -N to The effect of H2 on the surface pressure, The optimal control parameters were : H2 and NO-3 -N The mass ratio is to the 44,6:1, the H2 table pressure is0 .15 atm, pH the 5 .2 , the initial nitrate concentration is 100mg/l. Rapid reaction rate of nitrate removal by catalytic method, , can adapt to different reaction conditions, easy to run management. However, the difficulty of this technique is to catalyze Active and selective control of the agent It is possible that nitrite is not completely formed due to hydrogenation or due to the strong hydrogenation of the formation (NH3, NH+4) such as by-products, which is the focus of the current research and difficulties.
Biological Methods to Remove Nitrate Nitrogen from Groundwater

BIO-REMEDIATION TECHNOLOGY
Denitrification in groundwater usually occurs in anaerobic or semi-anaerobic and containing sufficient dissolved organic carbon (DOC) in the water environment, The DOC supplement is usually the use of a well or multiple well to inject a solution containing nutrients into the aquifer, which increases the activity of microorganisms, to achieve the purpose of removing contaminants from groundwater, The commonly used carbon sources are methanol, ethanol, sodium acetate, etc. [11] The optimized preparation of biological nitrogen removal agent and industrial ethanol carbon source used together Selection of groundwater nitrogen contamination problems . Generalized fabrication of fine sand box in porous media model. A simulated experiment on biological denitrification and decontamination under certain flow conditions in a box. Results show, within a certain range of the location of the source point and downstream of the flow, the method can effectively remove the nitrogen contamination from groundwater. [12] The artificial nitrogen removal agents were compared with ethanol, Sodium acetate, glucose, sugar and other combinations of applications, the experimental study on the in situ remediation of groundwater contaminated by nitrate nitrogen was carried out. The pilot area is located near the field test base of the hydrogeological Research Institute in southeast The NO-3-N content of shallow groundwater in the branch is 50 .9 ～ 98 .9 mg/ L , The contaminated area is 6 .4 hm2 。In the polluted areas to the edge of the fan to implement artificial pumping and water injection, along with water injection to a certain proportion of continuous carbon source, while intermittent dosing of artificial nitrogen removal agent. Have achieved better contamination control effect. The removal rate reached 97, 4 %and 74.5 % .In addition, denitrifying bacteria can be used in the environment in the presence of the easy oxidation of solid-phase organic carbon (SOC) for denitrification. There are many SOC materials in nature, such as sawdust, straw, Therefore, the material containing SOC in nature can be constructed into porous permeable water treatment wall, Placed in water bodies perpendicular to the groundwater flow in polluted areas. These SOC-containing materials can create an anaerobic environment for denitrifying bacteria and provide a carbon source, the nitrate nitrogen in the groundwater flows through the nitrogen removal wall, by biological and chemical effects are removed. [13] A great deal of research on biological denitrification wall shows that, Denitrification Wall is an effective method to remove non-point source contamination in groundwater, The wall upstream NO-3 distributed in the ~39mg/l, in the wall, Down to 0 ~ 2 mg/l, Significant removal of nitrate root, And without the accumulation of nitrite, Removal of nitrate from a field denitrification wall filled with sawdust for 5 years, Denitrification and carbon-dynamic observations found that, Nitrate concentration of the denitrification wall on the inlet water concentration of 5~ 15mg/l, The removal rate exceeded 95.%. No decrease in total carbon was found in 5 years of research.
The third in situ remediation method is to use the reactor to remove nitrate on the ground, the treated water is then poured back into the. People use this approach in practice [14] .The middle water well is surrounded by 3 bioreactors, at a distance from the water supply well, 15m. The infiltration pool was made far away. Each bioreactor contains 180 kg of straw, 180kg of Sand and 5kg of calcium sulfate, the treated water in the bioreactor enters the infiltration pool, Removal of excess organic matter and residual sludge, There is no clogging problem with aquifers. During the one months of the reactor operation, Nitrate removal rate up to 20% finally, the nitrite concentration in the effluent 0 .02 mg/L more, no organic carbon detected. But the nitrogen produced caused the straw to clog, So that the water cannot pass smoothly. Nitrate removal rate reached after 250 days of reactor operation 50 %, to increase the removal rate there will be more and larger reactors. To increase the removal rate there will be more and larger reactors. The cost is also lower, the range of contamination is larger than other methods, some microorganisms are usually domesticated, and the toxicity of pollutants can sometimes inhibit the activity of the original microorganisms. Injected wells are blocked by excessive growth of microorganisms as they are added to nutrients. The implementation of aquifers with poor permeability is more difficult.
HETEROTROPHIC BIOLOGICAL NITROGEN REMOVAL TECHNOLOGY
Heterotrophic Biological nitrogen removal technology is based on organic matter (methanol, ethanol, acetic acid, etc.) as denitrification matrix. [15] Research finds , , using acetic acid as Carbon source, , the best c/n of the experiment was 1.8, , in a columnar experiment, Low-speed sand filter can be effectively used to remove water from the NO [16] Using indoor test equipment, the removal of nitrate from groundwater by bioreactor with cotton as carbon source was studied, the results show that, the reactor with cotton as carbon source starts fast. At room temperature 25 ℃±1 ℃ The nitrogen concentration of the influent nitrate is 22 .6 mg/L (The nitrogen meter) Hydraulic Stop Stay time is not less than 9 .8 h the reactor to nitrate nitrogen can 100 % Remove. Nitrite was not detected in the effluent. The denitrification reaction is subject to temperature change And the influence of hydraulic residence time :14 ℃ The rate of denitrification is less than 25 ℃ Of ½;When the hydraulic dwell time is 7 .2 h NO-3 -N, Removal efficiency Only 45% The denitrification reaction is affected by pH and DO the little effect ,When the PH value is 6 ~ 9, water DO form 2 ～ 6 mg/L When the range changes reactor removal efficiency no changed ,in the course of the reaction, , cotton is also consumed.
BIOLOGICAL NITROGEN REMOVAL TECHNOLOGY
No need to add organic carbon source to water body by bio-nitrogen removal method, is still in the experimental research stage. [17] studied the method of integrated electrochemical hydrogen and sulfur to remove nitrate in drinking water , The integration of these two methods, Can reduce the use of sulfur as an electronic donor SO24, The sulfur can also be produced by Denitrification H+, As precursor to electrochemical hydrogen production, At the same time, no adjustment is added to the sulfur-bearing section pH FOR CaCO3 , Avoids the increased hardness of the effluent, The experimental results show that, The removal rate of nitrate nitrogen is up to 90% or more. Slow growth for microorganisms, small amount of processing capacity, high energy consumption, and groundwater contamination is a multifactor contamination problem. [18] Using cotton and 0-valent Iron, Establishment of heterotrophic-support denitrification process (HAD), In the experimental section, 2 types of 0-valent Iron (150 and 300g), Inlet nitrate Root Value (100 and 220 mg/L) and phosphate root (3 and 6 mg/L) The results of the removal of nitric acid in the expression are passed 2 Parallel Continuous inlets the plug-flow reactor is measured. Showed a higher volume removal rate of nitric acid than the heterotrophic denitrification of cotton alone (VN R), VNR Increases with the amount of 0-iron that is placed. Adjust the contact time of 0-valent iron and water, the ammonia nitrogen content produced by the reduction reaction of 0-valent iron is retained in an acceptable range. Due to the formation of rust (G R), the concentration of iron ions released by 0-valent Iron decreased with time to a negligible degree (0.5 mg/l). Cellulose and 0-valent iron have been used as reaction materials for in situ remediation. The support of mixed iron and organic carbon sources-heterotrophic denitrification appears to be suitable for Permeable reaction barriers (PRB) system. The removal of nitric acid was compared with the PRB barrier mixed with zerovalent iron（ZVI）with cotton or cotton alone. It is best to explore the PRB barrier that uses cotton alone. But considering the diversity of underground water contamination factors are very few, the PRB barrier mixed with the zero-valent iron and solid carbon source, the future still has wide application prospects, The development of new and efficient combination processing method has become a arouse in denitrification research. [19] the study was made of anthracite and granular activated carbon as the medium, the combined process of electrochemical-biofilm reactor with complex three-dimensional electrodes for the removal of groundwater NO-3 -N , Process will be complex three-dimensional electrochemical hydrogen production and N2, It is a combination of the anti-nitrification process of the electronic donor. Experiments show that the denigration rate is close to 100%,in the reactor, the combined process has the following advantages, There are no secondary contamination problems of the treated water in the substrate, no need to add any Ph. buffers during operation, The main parameter is the current, Easy to implement automation, Two aspects of total elimination of nitrate contamination in groundwater and reduction of denitration cost. The biological denitrification method is the best that has been put into practice at present. Method, with high efficiency and low consumption characteristics, but biological methods still have shortcomings. Bioremediation technology is often not suitable for low permeability soils, can result in water Contains bacteria and residual organic matter, Posttreatment must be carried out to ensure the safety of drinking water quality; The rate of denitrification is slow, the size of the reactor required is large, High construction costs, complex process, high operational management requirements, not suitable for small or decentralized water treatment.
CONCLUSION AND PROSPECT
Compared with the study of surface water denitrification technology, Research on remediation technology of nitrate nitrogen contamination in groundwater is less, The nitrate nitrogen contamination of groundwater should be strengthened in future Study on the technology of dyeing and remediation, Physical method remediation technology does not completely remove the nitrate nitrogen pollutants in substance, Only the transfer or concentration of contaminants has occurred, Therefore, this method is limited in the Practical application. The biological denitrification method is the best one that has been put into practice at present. Method, but it still has some drawbacks. If management requirements are high, not suitable for small or decentralized water treatment, Need to follow-up processing and so on. Thus developing new, High-efficient combination treatment method becomes the priority of nitrate removal research, Compared with biological denitrification method, The reaction rate of chemical denitrification method is fast, Low requirements for operational management, Potential for economy and adaptability to small or decentralized water treatment, The catalytic denitrification has attracted much attention due to its unique advantages., Taking H2 as reducing agent is still the main direction of research. Currently, the main problem of chemical catalytic denitrification is the reaction the activity and selectivity of catalytic denitrification were influenced by mass transfer factors in the process. Control of nitrogen contamination in groundwater, it is necessary to study and popularize the technology of nitrogen contamination remediation of groundwater. It is more necessary to control the source of nitrogen pollution, Inhibit the further contamination of groundwater.
